Background Diabetes and hip fractures in geriatric patients are common, and many elderly patients have a history of diabetes. However, the influence of diabetes on surgical complications may vary based on which particular type of diabetes a patient has. To our knowledge, no prior study has stratified patients with diabetes to compare patients with noninsulin-dependent and insulin-dependent diabetes regarding rates of postoperative adverse events, length of hospitalization, and readmission rate after surgical stabilization of hip fractures in geriatric patients. Questions/purposes We asked whether patients with noninsulin-dependent or insulin-dependent diabetes are at increased risk (1) of sustaining an aggregated serious adverse event, aggregated minor adverse event, extended
length of stay, or hospital readmission within 30 days of hip fracture surgery; (2) of experiencing any individual serious adverse event within 30 days of hip fracture surgery; and (3) of experiencing any individual minor adverse event within 30 days of hip fracture surgery. Methods Patients older than 65 years undergoing surgery for hip fracture between 2005 and 2012 were identified (n = 9938) from the American College of Surgeons National Surgical Quality Improvement Program 1 database. This database reports events within 30 days of the surgery. Demographics were compared between three groups of patients: patients with noninsulin-dependent diabetes, patients with insulin-dependent diabetes, and patients without diabetes. Patients without diabetes served as the reference group, and the relative risks for aggregated serious adverse events, aggregated minor adverse events, length of stay greater than 9 days, and readmission within 30 days were calculated for patients with noninsulindependent and with insulin-dependent diabetes. We then calculated relative risks for each specific serious adverse event and minor adverse event using multivariate analyses. Results Patients with noninsulin-dependent and insulindependent diabetes were at no greater risk of sustaining an aggregated serious adverse event, aggregated minor adverse event, extended postoperative length of stay, or readmission. Among individual serious adverse events, only postoperative myocardial infarction was found to be increased in the diabetic groups (relative risk [RR] = 1.9 for noninsulin-dependent diabetes, 95% CI, 1.3-2.8; RR = 1.5 for insulin-dependent diabetes, CI, 0.9-2.6; p = 0.003). Patients with noninsulin-dependent and insulin-dependent diabetes were at no greater risk of sustaining any individual minor adverse event.
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Introduction
Diabetes mellitus is a widespread, chronic disease that is estimated to affect greater than 300 million people worldwide, including between 5% to 13% of the US population [4, 6, 24, 27] . The global disease burden of diabetes is expected to surpass 550 million people by 2030 [27] .
By necessity, a disease of such prevalence becomes relevant to the care of all patients who may be diagnosed with it, including elderly patients undergoing operative repair of hip fractures. It has been estimated that as much as 21% of US adults older than 65 years are affected by diabetes [19] . A previous study showed that Types I and II diabetes are associated with an increase in hip fracture risk in males and females [13] . Furthermore, it also was reported that hip fracture risk is increased in patients with diabetes compared with patients without diabetes for a given age and bone mineral density or for a given WHO Fracture Risk Algorithm (FRAX) score [23] .
Previous studies evaluating diabetes and operative stabilization of hip fractures have shown an increased risk of postoperative cardiac complications [10, 22] , renal dysfunction [10, 17] , urinary retention [1] , extended length of hospital stay [22] , and hospital readmission within 28 days [14] . Although all valuable contributions, many of these investigations were limited by small sample sizes, restriction to a single-hospital system, or lack of postdischarge followup. Moreover, no prior study to our knowledge has further stratified patients with diabetes to evaluate the association of noninsulin-dependent and insulin-dependent diabetes on rates of postoperative outcomes after surgical stabilization of hip fractures in elderly patients.
We therefore asked: (1) Are patients with noninsulindependent or insulin-dependent diabetes at increased risk of sustaining an aggregated serious adverse event, aggregated minor adverse event, extended length of stay, or hospital readmission within 30 days of hip fracture surgery? (2) Are patients with noninsulin-dependent or insulin-dependent diabetes at increased risk of experiencing any individual serious adverse event within 30 days of hip fracture surgery? (3) Are patients with noninsulin-dependent or insulin-dependent diabetes at increased risk of experiencing any individual minor adverse event within 30 days of hip fracture surgery?
Patients and Methods

Study Design and Setting
In the current retrospective case-control study, we used the American College of Surgeons National Surgical Quality Improvement Program 1 (ACS-NSQIP 1 ) database to identify patients who underwent operative stabilization of a hip fracture by an orthopaedic surgeon between 2005 and 2012. The ACS-NSQIP 1 is a surgical database that collects patient data from greater than 350 US hospitals [2] . More than 150 distinct patient variables are extracted from the medical records, operative reports, and followup interviews of patients. These patients are prospectively identified and randomly sampled from eligible hospitals in a manner designed by the ACS-NSQIP 1 to minimize selection bias. Data collection occurs for each patient's entire 30-day postoperative period, regardless of the date of discharge after surgery [2, 15] .
Participants and Study Subjects
Patient data were extracted from the ACS-NSQIP 1 database using ICD-9 and Current Procedural Terminology (CPT) codes. All patients with hip fracture (ICD-9 code 820.xx) initially were identified (n = 17,245). From these patients, 15,795 patients (91.6%) were isolated whose records had an associated surgical procedure CPT code of (Table 1) . Four thousand six hundred forty-four patients with evidence of preoperative infection, preoperative sepsis, or who had incomplete perioperative data were excluded. Because the mechanism of sustaining a hip fracture is distinct in younger cohorts compared with elderly patients [12, 16] , 1213 individuals younger than 65 years were excluded to ensure a more homogenous population of hip fractures. We therefore included 9938 patients in our study ( Fig. 1 ).
Variables, Outcome Measures, Data Sources, and Bias
Demographic variables were extracted from the ACS-NSQIP 1 database, and these included the age, sex, smoking status (an individual who is or was a smoker within the preceding year), and functional status of each patient. Patient functional status is a measure of the ability to complete activities of daily living (ADLs) during the 30 days before surgery. The ACS-NSQIP 1 definition of an independent patient is one who does not require assistance for any ADLs, whereas a partially dependent patient requires assistance for some ADLs, and a totally dependent patient requires assistance in completing all ADLs. In the current study, patients deemed either partially or totally dependent were combined to generate one designation of ''dependent functional status.'' The ''diabetes'' variable in the ACS-NSQIP 1 categorizes patients into one of three groups: ''Insulin'' (those who use insulin to control their diabetes), ''Non-Insulin'' (those who use noninsulin pharmacologic methods to control their diabetes), or ''None.'' This final category is composed of patients who either have no history of diabetes or currently are using only diet modifications to control their diabetes. Throughout the remainder of the study, this final group is referred to as patients without diabetes. The ACS-NSQIP 1 does not allow for additional stratification based on level of diabetes control, such as hemoglobin A1c or admission blood glucose.
To better assess the comorbidity burden of patients in the study, the Charlson comorbidity index was used to calculate a comorbidity score for each patient [5] . The Charlson comorbidity index had to be modified to fit the data available in the ACS-NSQIP 1 . This sort of modification has been used before with the database [3, 9] and is similar in efficacy to the original Charlson comorbidity index [7, 26] . The methods used for establishing the modified Charlson comorbidity index are well established (Appendix 1. Supplemental material is available with the online version of CORR 1 ).
In addition to demographics and comorbidities, the ACS-NSQIP 1 database also documents postoperative adverse events that occur within 30 days after surgery (Appendix 2. Supplemental material is available with the online version of CORR 1 ). Pulmonary embolism and deep vein thrombosis were grouped together as a thromboembolic event in the current study. Similarly, superficial wound infection, deep wound infection, and organ space infection were combined as a wound-related infection. As a point of clarification, an organ space infection is defined by the ACS-NSQIP 1 as ''any infection that appears to be related to the operation and involves any part of the anatomy (eg, organs or spaces), other than the incision, which was opened or manipulated during an operation'' [1] . Adverse events with no occurrences were dropped from the analysis.
Serious and Minor Adverse Events
Adverse events were further grouped in two composite categories of serious adverse event and minor adverse event for aggregate analysis. An aggregated serious adverse event occurred if any of the following occurred: death, sepsis, septic shock, stroke or cerebrovascular accident, coma, cardiac arrest, myocardial infarction, renal failure, unplanned intubation, ventilator-assisted respiration for greater than 48 hours, thromboembolic event, wound-related infection, or return to the operating room. An aggregated minor adverse event occurred if a patient experienced a wound dehiscence, renal insufficiency, urinary tract infection, or pneumonia. 
Length of Stay
The ACS-NSQIP 1 database documents each patient's postoperative length of stay, recorded as the number of calendar days from the day of surgery until the day of discharge. In the current analysis, an extended length of stay was defined as any stay that was longer than the 90th percentile of all patient hospital stays, which for this population was any hospital stay longer than 9 days.
Readmission
The ACS-NSQIP 1 database began collecting patient readmission data in 2011 [2] . This variable was included in the current analysis for the available years of 2011 and 2012. The ACS-NSQIP 1 defines readmission as any admission, whether to the same or a different hospital, for any reason within 30 days after surgery.
Statistical Analyses and Study Size
Statistical Analyses
Statistical analyses were performed using Stata 1 Version 11.2 (StataCorp, LP, College Station, TX, USA). First, patient demographics were evaluated. Pearson's chi-square test was used to compare demographics between patients without diabetes mellitus and those with noninsulin-dependent diabetes, between patients without diabetes and with insulin-dependent diabetes, and finally between patients with noninsulin-dependent diabetes and with insulin-dependent diabetes.
Second, the primary hypothesis was evaluated. The risks of sustaining an aggregated serious adverse event, aggregated minor adverse event, extended length of stay, or hospital readmission after surgical stabilization of a hip fracture were tested among patients without diabetes, patients with noninsulin-dependent diabetes, and those with insulin-dependent diabetes using Poisson regression with robust error variance [28] . A statistical difference was established at a two-sided a level of 0.05 (p \ 0.05).
Finally, the secondary and tertiary hypotheses were tested. The risks of sustaining each adverse event in the serious adverse event category were tested among patients without diabetes, patients with noninsulin-dependent diabetes, and those with insulin-dependent diabetes. The same testing then was performed for each adverse event in the minor adverse event category. Because these analyses involved multiple comparisons, a Bonferroni correction was used to show a more appropriate p value for detection of statistical significance [8] . A statistical difference for each test was set at a two-sided a level of 0.0042 (p \ 0.0042) for adverse events in the serious adverse event category (12 comparisons) and 0.0167 (p \ 0.0167) for adverse events in the minor adverse event category (three comparisons).
All mentioned comparisons were performed using multivariate analyses that controlled for the demographics and comorbidities of age (continuous), sex, modified Charlson comorbidity index score (0-4, 5, 6, C 7), smoking status, functional status before surgery (independent or dependent), and procedure type (percutaneous fixation, hemiarthroplasty, total arthroplasty, plate/screw fixation, intramedullary implant) to appropriately adjust for potential confounding variables.
Poisson regression with robust error variance was used as an alternative to logistic regression. This was done so that the strengths of association could be reported as relative risks [28] . Although odds ratios often are used in cohort and crosssectional studies, it has been established that the use of relative risk is more appropriate when the outcome being tested is not rare. When this is the case, the ''rare disease assumption'' that the odds ratio approximates relative risk no longer is valid [11, 20] . The use of relative risk enables a more accurate statistical comparison of risks in such cases.
Demographics, Description of Study Population
Compared with patients without diabetes, those with noninsulin-dependent diabetes were older, were less often female, and had a different distribution of modified Charlson comorbidity index (all p \ 0.001; Table 2 ). Compared with patients without diabetes, those with insulin-dependent diabetes were older (p \ 0.001), were less often female (p \ 0.001), had a different distribution of modified Charlson comorbidity index (p \ 0.001), and were more likely to have a dependent functional status (p = 0.033). Compared with patients with noninsulindependent diabetes, patients with insulin-dependent diabetes were younger (p \ 0.001) but did not differ in any other demographic category.
Accounting for All Patients and Study Subjects
Patient Characteristics
In total, 9938 patients older than 65 years who underwent hip fracture surgery between 2005 and 2012 were isolated from the ACS-NSQIP 1 database. Of these, 8208 were patients without diabetes mellitus (83%), 1089 (11%) had noninsulin-dependent diabetes, and 641 (6%) had insulindependent diabetes.
Results
With patients without diabetes as the reference, patients with noninsulin-dependent and with insulin-dependent diabetes were found to have no greater risk of sustaining a serious adverse event (RR = 1.1 [95% CI, 0.9-1.3], RR = 1.2 [95% CI, 1.0-1.4], p = 0.140), minor adverse event (RR = 1.2 [95% CI, 1.0-1.4], RR = 1.2 [95% CI, 0.9-1.5], p = 0.096), extended length of stay (RR = 1.1 [95% CI, 0.9-1.3], RR = 1.1 [95% CI, 0.9-1.4], p = 0.650), or hospital readmission within 30 days (RR = 1.4 [95% CI, 1.0-2.0], RR = 1.4 [95% CI, 0.9-2.2], p = 0.055) ( Table 3 ). Taking into account the serious adverse event rate of 13.2% among patients without diabetes and 14.1% among patients with noninsulin-dependent diabetes, a level of significance of a = 0.05, and sample sizes of 8208 patients without diabetes and 1089 patients with noninsulin-dependent diabetes, a two-sided power analysis showed that the study has 99% power to detect a 5-percentage point difference in the rate of serious adverse events between patients without diabetes and patients with noninsulin-dependent diabetes (hypothetical rate of serious adverse events of 18.2% among patients without diabetes). An equivalent power analysis between patients without diabetes and patients with insulin-dependent diabetes (sample size 641 patients; serious adverse event rate of 16.2%) showed our study has 92% power to detect a 5-percentage point difference in rates of serious adverse events, again amounting to a With multivariate analyses controlling for demographics and comorbidities, the only individual serious adverse event for which patients with noninsulin-dependent and with insulin-dependent diabetes who had hip fracture surgery were at increased risk was myocardial infarction (compared with patients without diabetes) ( Table 4 ). Table 1 ; à after Bonferroni correction, statistical significance was set at two-sided a level of 0.0042 (p \ 0.0042). Patients with noninsulin-dependent diabetes were at 1.9 times the risk (95% CI, 1.3-2.8) of patients without diabetes, whereas patients with insulin-dependent diabetes were at 1.5 times the risk (95% CI, 0.9-2.6; p = 0.003).
With the numbers available, we found no differences between patients with diabetes and those without in terms of death, sepsis, septic shock, stroke or cerebrovascular accident, coma, cardiac arrest, renal failure, unplanned intubation, ventilator-assisted respiration for more than 48 hours, thromboembolic event, wound-related infection, or return to the operating room.
Patients with noninsulin-dependent diabetes and insulindependent diabetes were found to have no greater risk of any individual minor adverse events such as wound dehiscence, renal insufficiency, urinary tract infection, or pneumonia after surgical stabilization of a hip fracture ( Table 5 ).
Discussion
Diabetes mellitus is a common chronic disease that has been identified as a risk factor for sustaining a hip fracture in elderly patients [4, 13, 23, 27] . However, to our knowledge, no previous studies have stratified patients with diabetes to evaluate the association of noninsulindependent and insulin-dependent diabetes on rates of postoperative complications, lengths of stay, or readmissions after surgical stabilization of elderly patients with hip fractures. Therefore, we aimed to find differences in rates of aggregated serious adverse events, aggregated minor adverse events, extended length of stay, and readmission rates between patients with noninsulin-dependent and with insulin-dependent diabetes relative to patients without diabetes mellitus.
Our study has three primary limitations. First, the classification of patients with diabetes in the ACS-NSQIP 1 database does not follow the more common designation of Type I versus Type II diabetes, but instead is constrained to whether a patient uses insulin or noninsulin pharmacologic methods for diabetes control. Hemoglobin A1c values or other measurements of perioperative glucose control also are not available in the database. Accordingly, the designation of noninsulin-dependent diabetes or insulindependent diabetes is the best available surrogate measure of the severity of a patient's diabetes. This designation will not capture as much heterogeneity in the population with diabetes as would a hemoglobin A1c value. Although the value of hemoglobin A1c in predicting risk of postoperative events has yet to be determined, recent data indicate a correlation between elevated hemoglobin A1c and increased risk of infection and wound complications after joint arthroplasty [25] . This level of granularity is unavailable in our analysis owing to the data source and is a limitation of the study. Second, the ACS-NSQIP 1 database collects patient data for 30 postoperative days, so it would not capture any adverse events that occurred beyond this time. However, many national databases do not provide any followup subsequent to patient discharge, so the 30 days of followup documented by ACS-NSQIP 1 is a comparative benefit of the database. Even so, 30 days probably is not sufficient to identify late, deep infections, which is a complication that patients with diabetes may be more susceptible. Studies of other designs will have to resolve that important unanswered question. Finally, ACS-NSQIP 1 is a general surgical database and thus does not track any orthopaedic-specific outcomes that may be of interest, such as functional scores or pain improvement after surgery. Nevertheless, many important perioperative outcomes can be evaluated in orthopaedic patients with the ACS-NSQIP 1 database.
The results of our study are consistent with those of a previous study that found diabetes made no difference in the functional outcome and rehabilitation of patients with diabetes after hip fracture surgery [21] . An additional study determined that patients with diabetes were at increased risk of cardiac complications and pressure ulcers after hip fracture surgery, but no greater risk of thromboembolic, wound, or respiratory complications [22] . Furthermore, another study determined there was no difference in any postoperative complication between patients with diabetes and those without at 4 and 12 months followup [10] . It was not until 24 months after hip fracture surgery that an increased risk of congestive heart failure and renal failure in patients with diabetes was detected. Both studies [10, 22] are consistent with the findings of our study. The only differences were an increased risk of pressure ulcers and increased congestive heart failure and renal failure at 24 months followup, comparisons that were unavailable to us owing to specifics of the ACS-NSQIP 1 database. Finally, the findings of our study are in contrast to those of some studies that have associated diabetes with an increased risk of renal complications, readmission, and mortality after hip fracture surgery [1, 14, 17] . However, as an example, the study that identified an increased risk of kidney disease in patients with diabetes used an increase of 0.3 mg/dL in creatinine as criteria for postoperative kidney disease. In contrast, the ACS-NSQIP 1 database defined postoperative renal insufficiency as an increase of 2 mg/dL in creatinine compared with baseline and renal failure as a new need for dialysis after surgery. It is evident that the definitions of each variable are divergent among studies and may account for the differences in findings. Similarly, the study that determined an increase in readmission rate associated with patients with diabetes was complicated by dissimilar study groups for comparison [14] . The group that was readmitted had a statistically significant difference in the procedure performed and the rate of patients discharged to a skilled nursing facility. Each of these differences in study groups potentially could bias study outcomes, particularly in a group of only 55 readmitted patients.
Separate multivariate analyses for each of 12 serious adverse events showed no differences in relative risk for either noninsulin-dependent or insulin-dependent diabetes, except for myocardial infarction. As mentioned before, one study identified an increased risk of cardiac complications, of which myocardial infarction was included, in patients with diabetes after operative stabilization of hip fractures [22] . However, no other individual adverse events showed a difference in risk between patients with diabetes and those without diabetes. Some of these findings mirror those of a previous study, as is the case with no difference in risk of return to the operating room [10] , whereas others are in contrast, as is the case with an increased risk of renal failure [10] . Of particular interest is the finding that there was no increased risk of any type of infection. Although it often is considered that diabetes is associated with poor wound healing and greater risk of infection, two analyses showed no increased risk of infection in patients with diabetes undergoing surgery for hip fracture [8, 9] , which is consistent with our findings.
We found no differences in relative risk for patients with noninsulin-dependent or with insulin-dependent diabetes compared with patients without diabetes for minor adverse events (renal insufficiency, urinary tract infection, and pneumonia). To our knowledge, there are no published articles detailing the difference in risk of these particular events between elderly patients with diabetes and those without diabetes after operative stabilization of a hip fracture. However, diabetes has been associated with an increased risk of urinary tract infection and pneumonia in patients undergoing total joint arthroplasty [18] .
In light of the high prevalence of diabetes, it is becoming increasingly important for orthopaedic surgeons to better understand the role of diabetes in the risk of postoperative outcomes. We examined postoperative complications, reoperations, and readmissions to the hospital after surgical stabilization of elderly patients with hip fractures and showed that noninsulin-dependent and insulin-dependent diabetes conferred no greater 30-day risk of sustaining an aggregated serious adverse event, aggregated minor adverse event, extended length of stay, or readmission. On analysis of each adverse event, patients with diabetes were found not to have increased risk of any individual adverse event, except for myocardial infarction, within 30 days postoperatively.
The greatest effects of these results will be in preoperative counseling, clinician decision-making, and in future directions of research. The current results confirm that cardiac clearance for surgery is an important area of focus for a clinician during preoperative workup of patients with diabetes. However, these findings also provide an indication that surgeons may be falsely advising elderly patients with diabetes who have a hip fracture about their increased risk of additional postoperative complications. Preoperative workups might be delayed owing to the misperception of this increased risk in the population with diabetes. Implementation of the conclusions of the current study could allow for a more specific and expedited evaluation of patients with diabetes who need hip fracture surgery. Finally, some studies have shown that diabetes may not play as large a role in postoperative complications in this cohort as originally thought [10, 21] . This provides a valuable and interesting foundation for future studies to further substantiate these findings. Ideally, this would be in the form of a prospective study involving a large cohort of patients with noninsulin-dependent diabetes, insulindependent diabetes, and without diabetes mellitus that also documented preoperative hemoglobin A1c and blood glucose for more accurate evaluation of perioperative glucose control. Proper long-term followup and documentation, not only of surgical complications, but also of clinical orthopaedic outcomes, would best achieve the goal of clarifying the association between various severities of diabetes and postoperative complications after hip fracture surgery in elderly patients.
